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(54)' Method of fabricating a composite material wing 

(57) Reinforcing textile sheets (10,11,12,16,17) are 
superposed on mandrels (9,14 and 15). The reinforcing 
textile sheets superposed on the mandrels are placed in 
a closed jig (2,3). A thermosetting resin is introduced 
into the closed jig to impregnate the superposed rein- 
forcing textile sheets. The thermosetting resin impreg- 
nated into the superposed reinforcing textile sheets is 
made to half-set in the closed jig to form a half-set com- 
posite material wing component member (21 ,22,23',40) 
including a rear spar, ribs, an upper skin and a lower 
skin. The half-set composite material wing component 
member is taken out of the jig and the mandrel is 
removed from the half-set composite material wing 
component member. The half-set composite material 
wing component member and a half-set front spar (24) 
are bonded together with an adhesive to form a half-set 
wing structure. The half-set wing structure is subjected 
to a high-temperature setting process to set the wing 
structure and the adhesive simultaneously (50). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a method of 
fabricating a composite material wing, such as a fiber- 
reinforced plastic, and, more specifically, to a method of 
fabricating a composite material wing of a box structure w 
having closed spaces by a single high-temperature 
heat-setting process to shorten a molding process and 
to reduce assembling work. 

Description of the Related Art 15 

[0002] Most conventional aircraft main wings are of 
built-up construction. Further lightweight aircraft main 
wings of a composite material having a high specific 
strength have been developed. A composite material 20 
aircraft main wing of a box structure is assembled by 
joining together parts including spars, skins and ribs 
individually formed by a resin transfer method (RTM) or 
a hand lay-up method with an adhesive or fasteners in a 
box structure. Since a part of a fiber-reinforced plastic, 25 
i.e., composite material, is soft before being set, the part 
of the fiber-reinforced plastic must be kept in a desired 
shape by using a mandrel and the mandrel must be 
removed after setting the part of the fiber-reinforced 
plastic. Therefore, the conventional wing of a box struc- 30 
ture can not be formed in an integral structure by mold- 
ing; the wing must be provided with an opening through 
which a mandrel can , be removed, and an individually 
formed member for closing the opening must be joined 
to the wing with fasteners, or an adhesive. 35 
[0003] Forming jigs are used in forming the parts for 
the aircraft main wing of a box ! structure including spars, 
skins and ribs. The forming jigs must be made of a heat- 
resistant material because the parts are formed at high 
temperatures by a heat-setting process. 40 
[0004] When assembling a composite material air- 
craft main wing by an. assembling method using an 
adhesive, the parts need to be subjected to high-tem- 
perature heat setting twice when forming the parts and 
when adhesively assembling the same. When assem- 45 
bling the aircraft main wing of a composite material by 
an assembling method using fasteners, the parts need 
to be subjected to heat setting only once. However, this 
method of assembling the main wing that joins together 
the parts with the fasteners needs assembling jigs and so 
takes much time. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present 55 
invention to provide a method of fabricating an aircraft 
main wing of a composite material in a box structure 
having closed spaces capable of forming the main wing 



by a low-temperature half-setting process and a heat- 
setting process, of shortening a molding process and 
reducing assembling work. 

[0006] According to a first aspect of the present 
invention, a method of fabricating a composite material 
wing includes the steps of: superposing a reinforcing 
textile sheet on a mandrel; closely enclosing the rein- 
forcing textile sheet superposed on the mandrel in a 
closed jig; introducing a thermosetting resin into the 
closed jig to impregnate the reinforcing textile sheet with 
the thermosetting resin; making the thermosetting resin 
impregnated into the superposed reinforcing textile 
sheet half-set to form a half-set composite material wing 
component member; taking the half-set composite 
material wing component member and the mandrel out 
of the jig; removing the mandrel from the half-set com- 
posite material wing component member; bonding the 
half-set composite material wing component member 
and an other wing component member with an adhesive 
to form an assembly; and heat-setting the assembly to 
complete a composite material wing. 
[0007] Preferably, the other wing component mem- 
ber is a composite material wing component member 
formed by impregnating a reinforcing textile sheet with a 
thermosetting resin. Preferably, the composite material 
v in g is a box structure having a closed space. Prefera- 
bly, each of the wing component members includes at 
least one of a front spar, a rear spar, a plurality of ribs 
extended between the front spar and the rear spar, an 
upper skin overlying the ribs, and a lower skin underly- 
ing the ribs. Preferably, at least one of the wing compo- 
nent members is an integral member formed by 
integrally combining at least two of the front spar, the 
rear spar, the ribs, the upper skin and the lower skin. 
[0008] According to a second aspect of the present 
invention, a method of fabricating a composite material 
wing including a front spar, a rear spar, a plurality of ribs 
extended between the front and the rear spar, an upper 
skin overlying the ribs and a lower skin underlying the 
ribs includes the steps of: superposing a plurality of 
reinforcing textile sheets for the rear spar, the ribs, the 
upper skin and the lower skin on a mandrel correspond- 
ing to a wing structure; closely enclosing the reinforcing 
textile sheets superposed on the mandrel in a closed jig; 
impregnating the reinforcing textile sheets with a ther- 
mosetting resin by introducing the thermosetting resin 
into the closed jig; making the thermosetting resin 
impregnated into the superposed reinforcing textile 
sheets half-set to form a half-set composite material 
wing component member; taking the half-set composite 
material wing component member and the mandrel out 
of the closed jig; removing the mandrel from the half -set 
composite material wing component member integrally 
including the rear spar, the ribs, the upper skin and the 
lower skin; bonding the half-set composite material wing 
component member and a wing component member 
corresponding to a front spar with an adhesive to form 
an assembly; and heat-setting the assembly to com- 
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plete a composite material wing. 
[0009] Preferably, the wing component member 
corresponding to the front spar is a half-set composite 
material member formed by impregnating a reinforcing 
textile sheet with a thermosetting resin. 5 
[001 0] The reinforcing textile sheets superposed on 
the mandrels are sealed in the closed jig, the super- 
posed reinforcing textile sheets are impregnated with 
the thermosetting resin, the thermosetting resin impreg- 
nated into the superposed reinforcing textile sheets is 10 
half-set to form the half -set component members or the 
composite component member, the mandrels are 
removed from the half-set component members or the 
composite component member, the half-set component 
members are assembled and adhesively bonded 15 
together with the adhesive to form a composite struc- 
ture and the composite structure is subjected to the 
high-temperature setting process to set the thermoset- 
ting resin. Thus, the thermosetting resin and the adhe- 
sive can be simultaneously heated and hence only a 20 
single high-temperature setting process is necessary 
for forming the composite material wing of a box struc- 
ture having closed spaces. 
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[0011] The above and other objects, features and 
advantages of the present invention will become more 
apparent from the following description taken in connec- 
tion with the accompanying drawings, in which: 30 

Fig. 1 is a sectional view of a closed jig employed in 
a method of fabricating a composite material wing 
according to the present invention; 
Fig. 2 is a sectional view of a portion of the closed 35 
jig shown in Fig. 1 different from that shown in Fig. 
1: 

Fig. 3 is a perspective view of a forming jig to be 
used for bonding together a half-set integral wing 
component member and a front spar; *o 
Fig. 4 is a sectional view taken on line IV-IV in Fig. 
3; 

Fig. 5 is a sectional view taken on line V-V in Fig. 3; 
Fig. 6 is a perspective view of reinforcing textile 
sheets for forming upper and lower skins, a rear as 
spar and ribs, mandrels, and jigs in a first step of a 
method of fabricating a composite material wing 
according to the present invention; 
Fig. 7 is a perspective view of a reinforcing textile 
sheet for forming a front spar, and jigs in a first step so 
of the method of fabricating a wing of a composite 
material according to the present invention; 
Fig. 8 is a perspective view of half-set component 
members in a second step of the method of fabri- 
cating the wing of a composite material according ss 
to the present invention; 

Fig. 9 is a perspective view of component members 
having joining portions coated with an adhesive in a 



third step of the method of fabricating the wing of a 
composite material according to the present inven- 
tion; and . . ■ ; ■ 
Fig. 1 0 is a perspective view of a wing of a compos- 
ite material formed by the method of fabricating the 
wing of a composite material according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0012] Referring to Figs. 1 and 2, a closed jig 1 
employed in a method of fabricating composite material 
wing in a preferred embodiment according to the 
present invention is used for forming a half-set wing 
component member having parts corresponding to a 
rear spar, ribs, an upper skin and a lower skin by 
impregnating reinforcing textile sheets with a thermo- 
setting resin and half-setting the reinforcing textile 
sheets impregnated with the thermosetting resin by an 
RTM. Fig. 1 shows a cross section of a portion of the 
closed jig 1 corresponding to a portion of the half-set 
wing component not provided with the rib and Fig. 2 
shows a cross section of a portion of the closed jig 1 
corresponding to a portion of the half-set wing compo- 
nent provided with the rib (see Fig. 6). The term "hatf- 
set" signifies a state of a thermosetting resin in which 
the thermosetting resin is solidified and not completely 
set, i.e., molecules of the thermosetting resin have not 
yet been completely crosslinked, but the thermosetting 
resin will not be liquefied (gelated) at temperatures 
below about 180 °C. Gelation does not mean glass tran- 
sition. A half-set state corresponds to a state of a two- 
part thermosetting resin prepared by mixing, for exam- 
ple, Epicoat 6003® (resin) available from Yuka Shell 
Epoxy and Epicure 1 500® (accelerator) available from 
Yuka Shell Epoxy in a predetermined mixing ratio, and 
kept at 60 °C for about 1 2 h. 

[0013] The closed jig 1 has an upper half jig 2 and a 
lower half jig 3. The upper half jig 2 and the lower half jig 
3 are joined together and are clamped by a clamping 
device, not shown, to define a closed space 4. A pipe 5 
provided with a valve 6 is connected to a port of th 
lower half jig 3 so as to communicate with the closed 
space 4. A pipe 7 provided with a valve 8 is connected 
to a port of the upper half jig 2 so as to communicate 
with the closed space 4. > i . : 

[0014] Skin forming mandrels 9 (see Fig. 6) for 
forming a skin are disposed in a portion of the closed 
space 4 shown in Fig. 1 . An upper skin reinforcing textile 
sheet 1 0, a lower skin reinforcing textile sheet 1 1 , and a 
rear spar reinforcing textile sheet 12 are superposed on 
the skin forming mandrel 9. The upper skin reinforcing 
textile sheet 10, the lower skin reinforcing textile sheet 
1 1 , and the rear spar reinforcing textile sheet 1 2 may be 
either integrated reinforcing textile sheets as shown in 
Rg. 6 or separate reinforcing textile sheets. 
[0015] Rib forming mandrels 13, 14 and 15 for form- 
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ing ribs are disposed in a portion of the closed space 4 
of the jig 1 shown in Fig. 2. Rib reinforcing textile sheets 
16 are superposed on the rib forming mandrels 14 and 
rib reinforcing textile sheets 1 7 are superposed on the 
rib forming mandrels 15. 

[001 6] Figs. 3 and 4 show a forming jig 30 for form- 
ing a wing component member by bonding together a 
half-set fiber-reinforced thermosetting resin parts, 
namely, a rear spar 20, a rib 21, an upper skin 22, a 
lower skin 23 and a front spar 24, with an adhesive in a 
half-set fiber-reinforced thermosetting resin assembly, 
and setting the half -set thermosetting resin assembly. 
The forming jig 30 has skin jigs 31 for holding the half- 
set skins 22 and 23 and the rear spar 20 in a predeter- 
mined shape, and front spar clamps 32 for holding 
together the half-set front spar 24 and the half-set skins 
22 and 23. As shown in Figs. 3 and 4, each skin jig 31 
has two members 33 and 34 capable of detachably 
joined together. The half-set wing component members, 
i.e., the rear. spar 20, the ribs 21 and the skins 22 and 
23, are held in a predetermined positional relation by 
the skin jigs 31. -As shown in Fig. 5, the front spar 
clamps 32 clamp together joining portions coated with 
an adhesive of the half-set front spar 24 and the half-set 
skins 22 and 23 (only the joint of the front spar 24 and 
the skin 23 is shown in Fig. 5). 

[001 7] A method of fabricating a composite material 
wing in a preferred embodiment according to the 
present invention will be described with reference to 
Figs. 6 to 1 0. An upper skin reinforcing textile sheet 10, 
a lower skin reinforcing textile sheet 1 1 , a rear spar rein- 
forcing textile sheet 1 2, a rib reinforcing textile sheets 1 6 
and 17, and a front spar reinforcing textile sheet 18 as 
shown in Figs. 6 and 7 are prepared by cutting a three- 
dimensional or two-dimensional fabric of reinforcing fib- 
ers in dimensions corresponding to those of the upper 
skin, the lower skin, the rear spar, the ribs and the front 
spar of a composite material wing. As shown in Fig. 6, 
the rib reinforcing textile sheets 16 and 17 are super- 
posed on rib forming mandrels 14 and 15, respectively, 
and the upper skin reinforcing textile sheet 1 0, the lower 
skin reinforcing textile sheet 11 and the rear spar rein- 
forcing textile sheet 12 are superposed on skin forming 
mandrels 9. As shown in Fig. 7, the front spar reinforc- 
ing textile sheet 18 is superposed on a front spar form- 
ing mandrel, not shown. Thus, the reinforcing textile 
sheets are formed in a predetermined shape. v 
[001 8] : ; The rib reinforcing textile sheets 1 6 and 1 7, 
the skin reinforcing textile sheets 1 0 and 1 1 and the rear- 
spar reinforcing textile sheet 1 2 are assembled in a pre- 
determined structure of the composite material wing to 
be formed. The structure constructed of the reinforcing 
textile sheets 10, 11, 12, 16 and 17 is sealed in the 
closed space 4 defined by the upper half jig 2 and the 
lower half jig 3. 

[0019] . The closed space 4 defined by the upper half 
jig 2 and the lower half jig 3 is evacuated through the 
pipe 7 connected to the upper half jig 2, and a two-part 



thermosetting resin that sets at a relatively low temper- 
ature is injected into the closed space 4 through the 
pipe 5 connected to the lower half jig 3. The closed 
space 4 is evacuated through the pipe 7 connected to 
5 the upper half jig 2 until the thermosetting resin injected 
into the closed space 4 through the pipe 5 connected to 
the lower half jig 3 flows out of the closed space 4 
through the pipe 7 connected to the upper half jig 2. As 
the thermosetting resin, the above-mentioned two-part 
10 thermosetting resin prepared by mixing Epicoat 6003® 
(resin) and Epicure 1500® (accelerator) in a predeter- 
mined mixing rate can be employed. 
[0020] The reinforcing textile sheets 10, 11, 12, 16 
and 17 are impregnated with the thermosetting resin 
is injected into the closed space 4. After the confirmation 
of impregnation of the reinforcing textile sheets 10, 11, 
12, 16 and 17 with the thermosetting resin, the thermo- 
setting resin is heated at 60 °C for about 12 h under the 
control of a controller, not shown, to obtain a half-set 
20 fiber-reinforced thermosetting resin structure. Mean- 
while, the front spar reinforcing textile sheet 1 8 is super- 
posed on a front spar forming mandrel, not shown, as 
shown in Fig. 7, the superposed front spar reinforcing 
textile sheet 18 is placed in a closed space defined by 
25 an upper half jig 2a and a lower half jig 3a, the closed 
space ie evacuated, the two-part thermosetting resin 
that sets at a relatively low temperature is injected into 
the evacuated closed space to impregnate the front 
spar reinforcing textile sheet 18 with the thermosetting 
30 resin. The front spar reinforcing textile sheet 1 8 impreg- 
nated with the thermosetting resin is heated at 60 °C for 
about 12 h to half-set the thermosetting resin impreg- 
nated into the front spar reinforcing textile sheets 1 8. 
[0021] After the confirmation of the half-setting of 
35 the thermosetting resin impregnated into the reinforcing 
textile sheets 1 0, 1 1 , 1 2, 1 6 and 1 7, the upper half jig 2 
and the lower half jig 3 are opened,, and the upper half 
jig 2, the lower half jig 3 and the mandrels 9, 1 3, 1 4 and 
15 are removed from a half-set rear spar 20, half-set 
40 ribs 21 , and half-set skins 1 0 and 1 1 to obtain a half -set 
composite structure 40 as shown in Fig. 8. The half-set 
front spar 24 is disposed opposite to an open side of the 
half-set composite structure 40. Joining portions of the 
half-set composite structure 40 and the half-set front 
45 spar 24, i.e., shaded portions of the ribs 21 , the skins 22 
and 23 and the front spar 24 in Fig. 9, are coated with an 
adhesive and are bonded together to combine the half- 
set composite structure 40 and the half-set front spar 
24. The half-set composite structure 40 and the half-set 
so front spar 24 thus adhesively bonded together are held 
in a predetermined shape by the forming jig 30 including 
the skin jigs 31 for holding the half-set skins 22 and 23 
; and the half-set rear spar 20, and the front spar clamps 
32 for holding together the half -set front spar 24 and the 
55 half-set skins 22 and 23. Then, the half-set composite 
structure 40 and the half -set front spar 24 are heated at 
180 °C for about 2 h to set the thermosetting resin and 
the adhesive simultaneously to complete a composite 
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material wing 50 shown in Fig. 10. Additional jigs may 
be employed when subjecting the combination of the 
half-set composite structure 40 and the half-set front 
spar 24 to a high-temperature setting process to apply 
pressure to the entire surface of the combination of the 
half-set composite structure 40 and the half-set front 
spar 24. 

[0022] The method of fabricating a composite mate- 
rial wing in this embodiment assembles the skins, the 
rear spar and the ribs in the half-set composite structure 
to Impregnate and half -set as many component parts as 
possible simultaneously to facilitate work and to reduce 
cost, and bonds the half-set front spar adhesively to the 
half -set composite structure, and the half-set front spar 
adhesively to the half-set composite structure thus 
assembled are subjected to a high-temperature setting 
process. 

[0023] The present invention is not limited to the 
method specifically described above. For example, 
either of the upper and the lower skin, the front spar, the 
rear spar and the ribs may be combined, impregnated 
with the thermosetting resin and formed in a half-set 
composite structure of a fiber-reinforced plastic. The 
other skin of the fiber-reinforced plastic may be bonded 
adhesively to the half-set composite structure, and the 
other skin and the half-set composite structure thus 
bonded together may be subjected to a high-tempera- 
ture setting process. The periphery of the wing is 
located in the high -temperature setting process to pre- 
vent the dislocation of the skins. 

[0024] The upper and the lower skin, the front and 
the rear spar and the ribs may be individually formed by 
as component members superposing reinforcing textile 
sheets on mandrels respectively for each component 
member, impregnating the superposed reinforcing tex- 
tile sheets for each component member with a thermo- 
setting resin in molds respectively, half-setting the 
thermosetting resin impregnated into the superposed 
reinforcing textile sheets to form each component mem- 
ber, removing the mandrels from the half-set compo- 
nent members, assembling and adhesively bonding 
together the half -set component members in a compos- 
ite structure, and subjecting the composite structure to 
a high-temperature setting process. The dislocation of 
the ribs can be prevented to fasten the ribs to the skins 
with tack bolts, using checking holes provided in spars 
etc. 

[0025] Although the invention has been described 
in its preferred form with a certain degree of particular- 
ity, obviously many changes and variations are possible 
therein. It is therefore to be understood that the present 
invention may be practiced otherwise than as specifi- 
cally described herein without departing from the scope 
and spirit thereof. 

Claims 

1. A method of fabricating a composite material wing, 



comprising the steps of: 

i -i 

superposing a reinforcing textile sheet on a 
mandrel; 

5 . closely enclosing the reinforcing textile sheet 

superposed on the mandrel in a closed jig; 
introducing a thermosetting resin into the 
closed jig to impregnate, the reinforcing textile 
sheet with the thermosetting resin; , 
w making the .thermosetting resin Impregnated 

Into the superposed reinforcing textile sheet 
half -set to form a half -set composite ■ material 
wing component member; -t 
taking the half -set composite material wing 
component member and the mandrel out of the 

jig; " ' : r 

removing the mandrel from the half-set com- 
posite material wing component member; 
bonding the half-set composite material wing 
component member and an other wing compo- 
nent member with an adhesive to form an 
assembly; and ' 
heat-setting the assembly to complete a com- 
. posite material wing. 

The method according to claim 1 , wherein the other 
wing component member is a composite material 
wing component member formed by impregnating a 
reinforcing textile sheet with a thermosetting resin. 

The method according to claim 1 or claim 2, 
wherein the composite material wing is a box struc- 
ture having a closed space. 

The method according to any of claims 1 to 3, 
wherein each of the wing component members 
includes at least one of a front spar, a rear spar, a 
plurality of ribs extended between the front spar 
and the rear spar, an upper skin overlying the ribs, 
40 and a lower skin underlying the ribs. 

5. The method according to claim 4, wherein at least 
one of the wing component members is an integral 
member formed by integrally combining at least two 
45 of the front spar, the rear spar, the ribs, the upper 

skin and the lower skin. 
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6. A method of fabricating a composite material wing 
including a front spar, a rear spar, a plurality of ribs 
extended between the front and the rear spar, an 
upper skin overlying the ribs and a lower skin 
underlying the ribs, said method comprising the 
steps of: 

superposing a plurality of reinforcing textile 
sheets for the rear spar, the ribs, the upper skin 
and the lower skin oh a mandrel corresponding 
to a wing structure; 
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closely enclosing the reinforcing textile sheets 
superposed on the mandrel in a closed jig; 
impregnating the reinforcing textile sheets with 
a thermosetting resin by introducing the ther- 
mosetting resin into the closed jig; 5 
making the thermosetting resin impregnated 
into the superposed reinforcing textile sheets 
half-set to form a half-set composite material 
wing component member; . 

taking the half-set composite material wing 10 
component member and the mandrel out of the 
closed jig; 

removing the mandrel from the half-set com- 
posite material wing component member inte- 
grally including the rear spar, the ribs, the 75 
upper skin and the lower skin; 
bonding the half-set composite material wing 
component member and a wing component 
member corresponding to a front spar with an 

t adhesive to form an assembly; and 20 

; heat-setting the assembly to complete a com- 
posite material wing. 

F . The method according to claim 6, wherein the wing 
component member corresponding to the front spar 25 
is a half-set composite material member formed by 
impregnating a reinforcing textile sheet with a ther- 
mosetting resin. 

30 
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